Man-made organic chemicals have been found in drinking water for many years. Their numbers and varieties increase as our analytical capabilities improve. The identified chemicals comprise 10 to 20% of the total organic matter present. These are volatile or low molecular weight compounds which are easily identified. Many of them are carcinogenic or mutagenic. Chlorinated compounds have been found in untreated well water at levels up to 21,300 ,ug/L and are generally present at higher levels in chlorinetreated water than in untreated water.
Organic chemicals of anthropogenic sources are widely found in drinking water supplies. The problem is not a new one. In 1956, Middleton and Rosen (1) examined raw and finished water from five midwestern U.S. cities and reported the presence of benzene compounds, insecticides, kerosene, phenols, polycyclic hydrocarbon compounds, and synthetic detergents. With increasing sophistication of methods for chemical analysis, it is now possible to identify many organic chemicals in drinking water and to measure their concentrations in nanograms per liter. Summarizing reports from different countries, Kraybill (2) noted that, of 2221 organic chemicals found in water supplies on a worldwide basis, 765 were present in drinking water. Of these, 20 were recognized carcinogens, 23 were suspected carcinogens, 18 were carcinogenic promoters, and 56 were mutagens. Some of the recognized and suspected carcinogens identified in U.S. drinking water are shown in Table 1 . Most of the chemicals reported in these surveys are volatile or low molecular weight organics which can be easily recovered from water (3) , and these compounds are estimated to account for only 10 One historical cohort study relating water source (groundwater, chlorinated water in small towns, chlorinated water in cities) to cancer incidence for liver, kidney, and bladder was reported from an ongoing investigation of residents of Washington County, MD (29) . No statistically significant associations with cancer incidence rates were observed, but the power of this study was low, given the relatively small population size (31,000 persons) for calculating incidence rates over a 12-year interval. Thus only 45 cases of liver cancer occurred in the period of followup.
Cantor gave a progress report on a large bladder cancer case-control study conducted by the National Cancer Institute (30) . From the 10 cancer registries supported by NCI in each of the SEER areas, 3000 incident bladder cancer cases and 6000 controls were interviewed with respect to lifetime residential history, smoking habits, occupation, coffee and artificial sweetener use, and several other factors. From 1000 public water utilities in each of the 10 study areas, the investigators collected historical information on raw water surface versus groundwater or chlorinated vs. nonchlor- Struba, 1979 (25) Bladder (8) . b UT = total urinary tract cancer, GI = total gastrointestinal cancer. cU = urbanization, 0 = occupation. If some or all these questions were even partially answered, it would be possible to design interview studies which, combined with historical data available at each water utility, could lead to much more refined sur-rogate measures of exposure to organic chemicals in water. These surrogates might then reasonably be validated, at least for currently obtainable water samples, by comparison with direct chemical analyses.
Exposure estimates based on direct identification and quantification of organics in water seems an unfeasible approach to epidemiologic studies, given the large array of chemicals, the uncertainty of cancer risk related to nearly all of the chemicals, the multistage process of carcinogenesis, and the possibility of interaction between chemicals. Complexity and cost of chemical analyses would also seem to argue against direct measurements for individual risk studies.
A potentially fertile approach for population studies, especially for the limited sample sizes required in casecontrol studies, is that ofbiological markers of exposure. More than 100 volatile organics can be readily isolated from human blood and other body fluids (3). Wallace et al. (31) claim that breath samples, analyzed for volatile organics, reflect personal exposures to target chemicals in water and in air. Profiles of chemical adducts to PrA can also be obtained from individual blood samples. uonsiderable work needs to be done to related intake of known organics to these biological markers before the markers themselves could be judged feasible for epidemiologic investigations.
It appears that the immediate need is for a collaborative research effort, between epidemiologists, analytical chemists, and water quality engineers, to characterize human exposure to organics in water. This collaboration needs to be directed by the epidemiologists's research objectives, specifically relating cancer risk at least to an ordinal ranking of cancer relevant exposures. If a biological marker could best characterize this exposure, all the better since this would provide a personal integrated exposure estimate. Further epidemiologic studies of cancer risk and water quality, in the absence of progress of exposure estimation, seems unlikely to advance our knowledge of the nature of this relationship.
